Abstract People of low literacy experience difficulties while participating in society. Learning support software could help alleviate these difficulties. However, there is currently no overview of theoretically and empirically sound requirements for this kind of support. This paper uses the situated cognitive engineering method to create a requirements baseline for a virtual environment to support the societal participation education of low-literates (VES-SEL), based on an analysis of the domain, human factors, and current applications. Four major outcomes are presented. First, a comprehensive overview is collected of the operational demands and human factors knowledge relevant to societal participation learning for low-literate citizens. Second, this overview is translated into a list of eight functional requirements: focused on low-literate learners, set in the context of societal participation, and supported by claims of cognitive, affective, and social benefits to learning. Third, a sample of Dutch societal participation learning support programs is assessed using these requirements, to highlight both current technology best practices and discrepancies between theory and practice. Fourth, virtual learning environment technology is suggested as an 'enabling' technology; an overview is shown of how virtual environments, actors, and objects can beneficially enable meeting the requirements baseline. Finally, directions for future study are discussed.
Introduction
In the Netherlands, societal participation is difficult for low-literate citizens, i.e. people dealing with issues stemming from insufficient reading, writing, speaking, and language comprehension skills. De Greef [28] defines societal participation as acting in a society to achieve certain goals. This makes it a socio-behavioural aspect of social inclusion, which is the state of 'being able to take part in society' [114] . Example domains of societal participation include: social interaction with other members of society and formal institutions, societal obligations, selfdirected learning and development, and economical and political engagement. Low degrees of participation are associated with unemployment, low socio-economic status, and social isolation [48, 87] .
Participating in a modern information society requires that citizens possess the knowledge and the information and communication skills needed to find their own way in society, or know where to go for help [76, 110] . Information and communication technology (ICT) skills are increasingly a participation requirement [81] . Because lowliterate people have limited language comprehension and communication skills, they are impeded from this. Specific examples of behaviours hindered by low literacy include finding work, explaining health concerns to a doctor, socially interacting with peers and neighbours, and using computers and ICT effectively [16, 28, 29, 77] .
Three common dimensions of societal participation issues can be seen: cognitive, affective, and social. Cognitive components include the lack of skills, practical knowledge, and experience needed for effective participation. Affective components encompass limited self-efficacy with regard to participation, and feelings of fear, shame, frustration, and stress [77, 109] . Social components consist of relationships with peers, teachers, and other actors. When these relationships are unsupportive, motivation is limited and learning is impeded [28, 30] . Improving the societal participation of low-literate citizens requires learning support that is fine-tuned towards the individual learner's cognitive, affective, and social learning preferences. This can be done, respectively: by connecting learning content to specific problem areas and desired skills, by focusing on the learner's emotional experience, motivation, and self-efficacy, and by forming meaningful connections between learners and the social learning environment.
A range of learning support programs aimed at this area already exists. These programs focus on three topics: 'language learning' trains vocabulary, 'participation skill development' train the behaviours needed to participate, and 'knowledge of Dutch society' trains Dutch social norms and rules. Training these areas has been shown to significantly improve societal participation behaviour levels [30] . Methods such as classroom lessons, roleplaying exercises, book learning, and educational software are used for this training. However, these methods have cognitive, affective, and social drawbacks. Cognitively, lesson plans and materials aimed at larger learner groups are difficult to individualize; this prohibits connecting them to learner skills and interests. Affectively, classroom attendance is difficult for low-literate learners [16] as emotional 'barriers of going to class' can be significant. Socially, mass-produced teaching material can only poorly incorporate the learners' real-life contexts into the learning process. These areas represent room for improvement in the field of societal participation learning support.
Virtual learning environment (VLE) software could provide this contextualized, situated learning support. Virtual environments combine (1) computer-generated spaces and environments, (2) digital actors and characters, and (3) virtual objects and artefacts [11] . Particularly interesting is the fact that VLEs '…offer the opportunity to simulate a realistic and safe environment for learners to perform specific tasks' [50: 1171] . A realistic VLE designed around societal participation behaviour could help low-literate people in several ways. Cognitively, VLEs provide many data visualization options [79] , allowing learner skills and limitations to be taken into account more easily. Affectively, the safe and personal nature of VLE learning can reduce the factors of shame and fear of social judgement, eliminating the aforementioned barrier of 'going to class'. Socially, VLEs foster social presence and interaction between students, facilitating group discussion and teamwork and supporting the formation of meaningful social connections. These factors can all engage reticent learners in the learning process.
Supporting the societal participation learning of lowliterate citizens through VLE design is the aim of the COMMIT project 'Interaction for Universal Access' [53] . COMMIT is an ICT-focused research program where researchers, developers, and consultants investigate how ICT can be used to help low-literate citizens learn about and improve their societal participation. A multidisciplinary approach ensures that all relevant demographic, didactical, and technological angles are taken into account. By acquiring the necessary requirements, and developing the models, methods, and prototypes needed for description and experimental evaluation, the project intends to create a comprehensive specification of the envisioned learning support system 'Virtual Environment to Support the Societal Participation Education of Low-Literates', or VESSEL.
To achieve this, this study uses the situated cognitive engineering (sCE) method [82] . This method integrates human factors and technology drivers into an iterative ICT design and development process. The sCE method has three phases. In the foundation phase, relevant operational demands, human factors knowledge, and technology are collected into a strong theoretical basis for the design process. In the specification phase, these foundation data are used to derive functional requirements. These requirements are contextualized by use cases and scenarios, and justified by verifiable claims. Finally, in the evaluation phase, these specification requirements and claims are evaluated. Figure 1 shows a simplified schematic overview Fig. 1 Situated cognitive engineering method phases: the foundation phase (lower box), the specification phase (top left box), and the evaluation phase (top right box) [82] of the sCE method, adapted to highlight the focus of this study.
Currently, there is no clear overview of the requirements that VLE software aimed at low-literates should adhere to. This study aims to address this in four ways. First, literature study and domain analysis are used to create a comprehensive overview of the operational demands and human factors knowledge elements of the sCE foundation. Operational demands form a structured overview of the context of use of the envisioned software [54] : the actor demographics of low-literate learners, a description of 'societal participation behaviour', and the cognitive, affective, and social processes important to the task of societal participation learning. Human factors knowledge presents insight into adult learning theory and principles of computer-supported learning. Second, the established foundation is used to derive an initial list of functional requirements for the proposed VESSEL system. Cognitive, affective, and social claims of learning benefit are also derived. Third, a selection of existing learning support programs is assessed using the derived requirements. The goal of this assessment is to explore which requirements are and are not met in daily practice. This highlights discrepancies between theoretical and practical importance, and collects practical examples of requirements implementation. Fourth, VLE technology is proposed as a possible 'enabling' technology for meeting the VESSEL specification. Virtual environments, actors, and objects all have particular characteristics that make it easier to effectively implement most of the requirements. In this way, this study aims to answer the following questions:
1. Which attributes of the actor demographics, societal participation behaviours, learning processes, adult learning theories, and computer-supported learning principles are relevant for the design of VESSEL? 2. How can these attributes be used to adapt learning support to the skills and characteristics of individual users? Which functional requirements and claims can be derived? 3. Which of these functional requirements are met by current learning support programs? Which ones are not? What lessons can be learned from this? 4. How can these requirements and lessons be used in the design of VESSEL? How can the use of virtual environment technology help with this?
The structure of this paper is as follows. Section 2 forms the operational demands part of the sCE foundation, describing the actor demographic of low-literate people, defining the conceptual environment of 'societal participation behaviour', and providing insight into the cognitive, affective, and social processes underlying the core task of learning. Section 3 forms the human factors knowledge part, investigating frameworks of adult education and ICT learning principles. Section 4 makes use of the current foundation to derive a specification for VESSEL: a list of functional requirements and claims. Section 5 forms the technology part, respectively listing examples of current societal participation learning support programs, assessing these programs on the basis of the functional requirements, and expanding on the unique attributes of virtual environment software. Section 6 forms the conclusion.
Operational demands
Operational demands comprise three main categories: actors, environment, and task (i.e. what user group will the design be aimed at, what environment will be the design used in, and what task is the design intended for). First, the actor demographic of 'low-literate Dutch people' is explored, and further defined in terms of learner profiles. Second, the environment in which societal participation takes place is described. Third, the task of societal participation learning is defined by describing the cognitive, affective, and social processes involved.
Actors: low-literate citizens
This section describes the actor demographic of low-literate Dutch citizens. After defining the concept of 'low literacy' in functional terms, the corresponding demographic information is presented. Building on this, five 'learner profiles' are introduced, and their relevance to software design is explained.
Literacy
Buisman and Houtkoop [16] use results from the 2012 Programme for International Assessment of Adult Competencies to define the core skills of societal participation. These core skills include literacy, mathematics ability, and general problem solving. Literacy is the ability to comprehend, process, and make use of information. The Organization for Economic Co-operation and Development (OECD) defines literacy as 'the ability to understand and employ printed information in daily activities, at home, at work and in the community-to achieve one's goals, and to develop one's knowledge and potential' [84: X] . Literacy is an important determinant for successful societal participation, particularly in modern information societies [37, 81] . Anyone whose mastery of this core skill is too low to allow them to act and live as an independent citizen is considered low-literate.
Demographic information
Currently, about 1.3 million people between the ages of 16 and 65 living in the Netherlands are low-literate [29] . This works out to around 10% of the labour force. This percentage has remained stable for the past two decades, and is projected to persist until at least 2020 [49] . The collection of people of low literacy living in the Netherlands is not homogeneous. Based on language background, two broad groups have been defined: 'NT1' and 'NT2'. 'NT1' refers to native Dutch people of low literacy, who are said to be learning 'Dutch as a first language'. 'NT2' refers to Dutch citizens with a non-Dutch mother tongue, who are said to be learning 'Dutch as a second language'. Included in this second group are both low-educated first-generation migrant citizens, who are functionally low-literate in both their mother tongue and in Dutch, and second-generation migrants for whom Dutch is not a mother tongue, and who have often seen little writing in their upbringing. Crucially, this group does not contain migrant citizens who are functionally literate in their mother tongue though not in Dutch, as their particular issues fall in the field of second language acquisition.
In theory, the two groups are different enough in skills, problems, and context to merit individual study. In practice, demographic studies report large overlaps in terms of literacy-related issues. While significant differences between the experiences of NT1 and NT2 learners exist, the shared issue of low literacy suggests strong, meaningful commonalities in problem areas, solution directions, and support possibilities. As such, the term 'low-literate' is used here to encompass all literacy-impaired citizens of the Netherlands, regardless of background.
De Greef et al. [29] further describe this demographic. Low literacy increases with age: while only 5% of citizens aged 16-24 is low-literate, 21.5% of citizens aged 55-65 is. Education levels among low-literates tend to be low, with as many as 42% not surpassing primary school levels. Low literacy affects men and women almost equally. Finally, roughly two-thirds of low-literates are native citizens, with the rest splitting over first-and second-generation migrants. These statistics provide design and study guidelines: lowliterate citizens are likely to be older men and women, more often native than non-native, and poorly educated.
Low-literates are less likely to work with computers and technology than people of higher literacy. This suggests a possible 'digital gap': a divide between the high-literate people capable of working with modern computer technology, and the low-literate people incapable of doing so [14, 35] . This would have negative repercussions for using software to provide learning support. However, these fears may be unfounded. Houtkoop et al. [49] report relatively high technology usage statistics among Dutch low-literate citizens. Nine out of ten low-literates have home access to a personal computer, and access to the internet. Three quarters of low-literates have some significant computer experience, and almost half regularly use a computer at work. In the Netherlands, only one in five low-literates is seriously lacking in computer skills [29] . Furthermore, significant numbers of Dutch low-literates exhibit personal interest in computer skills learning, and they expect that computer skills learning will become relevant to their situation in the near future [49] . Correspondingly, while care is still needed, there is no indication that learning support software would be significantly less effective for the majority of low-literate learners than it would be for literate learners.
Learner profiles
Based on studies of language learning class attendants, Kurvers et al. [69] have derived five low-literate learner profiles. These profiles divide the low-literate demographic in strata. This is based on language background, educational history, current literacy level (based on the Common European Framework of Reference for Languages, cf. [111] ), needed improvements, and potential complicating factors. The five profiles are detailed in Table 1 .
The learner profiles listed in Table 1 are useful for study and software design, for example in classification and prediction. Not all learner profiles are equally interesting in the context of societal participation software design. For both profiles 1 and 5, a software-based solution seems relatively ineffective. Learners in profile 1 are at a high enough level of skill and self-direction that software learning support will not provide much benefit. The 'difficult' learners in profile 5 are too low-skilled and literacydeficient for a computer-based solution to be functionally applicable. Profiles 2, 3, and 4 could still benefit from societal participation learning support. Consequently, these three profiles are used throughout the design process.
Environment: societal participation behaviour
As noted by de Greef [28] and Schouten [96] , societal participation is expressed through the goal-directed social behaviours of citizens. Societal participation is behaviour. Similarly, 'improving societal participation' can be understood to mean 'learning to better perform goal-directed social behaviours in a societal context'.
The three key elements of societal participation behaviour are language, societal knowledge, and participation skills. The 'language' aspect refers to the ability to effectively communicate in and participate in modern society. According to Breen and Candlin [13] , language learning involves '…learning how to communicate as a member of a particular socio-cultural group' [13: 90] . Particularly for low-literate second language learners, limited vocabulary is a major participation impediment [69] . The 'societal knowledge' aspect indicates knowledge of how to act in society. Low-literate second language learners often follow cultural norms and assumed rules, which may be spread around by word of mouth and experience, instead of formal written rules. For native low-literate learners, problems occur in situations where the required information and communication skills are too complex. Finally, the 'participation skills' aspect describes the functional skills needed to be successful at participation behaviour.
Schouten [96] has created a model that uses the dimensions of skill and context to map out the societal participation behaviour domain (see Fig. 2 ). In this model, the skill dimension ranks behaviour on varying degrees of information skill (the ability to comprehend and process information) and/or communication skill (the ability to communicate with others). The context dimension describes the kind of social setting the societal participation behaviour takes place in: either more formal, characterized by rigid structures and a less personal atmosphere, or more informal, characterized by a less imposing and more openended nature. Figure 2 also shows examples of societal participation behaviours that low-literate citizens have been found to struggle with.
Task: societal participation learning
This section expands on the task of learning, which makes up the core of 'societal participation learning'. Three categories of processes that influence the effectiveness of the learning process have been defined: cognitive processes, affective or emotional processes, and social processes (cf. [51] ).
Cognitive processes
Cognitive processes refer to those processes that influence the rational, cognitive relation between learner and learning. Cognitive processes involve elements such as reading and writing skill, memory, domain-specific knowledge, learning aptitude, prior experience, and task difficulty. The influence that cognitive and meta-cognitive strategies such as scaffolding (cf. [106] ), planning, organizing, and monitoring have on learning effectiveness and academic outcome is well documented [19, 39, 74] . Cognitive processes regulate the balance between learning difficulty and learner skill, forming a strong determinant for learning success [90] . Transfer of learning, the degree to which the learned material transfers to the learner's daily life, is a particularly important cognitive measure of learning effectiveness 
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Affective processes
Affective processes refer to those processes that influence the affective, emotional relation between learner and learning. Affective processes involve the learners' emotional state, their self-image as a capable learner, and their feelings about the learning process. The important role of affective processes can be understood by looking at selfefficacy. First described by Bandura [4, 5] , self-efficacy refers to an individual's task-specific judgment of their own capabilities. In a wide range of fields, self-efficacy is a powerful predictor of behavioural intent, motivation, and performance. These fields include academic achievement [6, 85, [99] [100] [101] , reading and writing [102] , computer use and adoption in general [14, 35] , and computer use specifically for learning [1, 55] . Low self-efficacy is a significant factor in explaining the low societal participation of low-literate citizens. Van Linden and Cremers [109] and Mertens and van het Zwet [77] demonstrate the harmful nature of low 'societal participation' self-efficacy. Cremers, de Jong and van Balken [24] show the use of automated teller machines (ATMs) as a concrete example of the practical issues low self-efficacy can cause. Schouten [97] further claims that low self-efficacy with regard to learning and academic achievement inhibits learning behaviour for low-literate learners (cf. [21] ), and that low self-efficacy about technology literacy and computer use impedes the effectiveness of learning support software. Next to self-efficacy, additional affective roles are played by emotions such as fear and shame. The deleterious effect of fear on academic engagement and success is well known [6, 94] . Moreover, shame about low literacy has been shown to inhibit societal participation, learning engagement, and learning effectiveness in low-literate citizens [17, 24] .
Social processes
Social processes refer to those processes that influence the social, environmental relation between learner and learning. Social processes relate to other humans involved in learning, such as peers and teachers, as well as to the environments in which learning and practice take place. These processes often reflect on the learner's judgement of the learning process itself: negative attitudes towards learning can often be traced back to poor formative classroom experiences (cf. [21] ). In this light, motivation to act is an important social process (cf. [45] ). The effects of motivation on behaviour choice and persistence [6] are well known, and motivation has been related to learning behaviour [39, 44] , academic success [73] , writing [112] , and computer technology use [104] . The social aspect of motivation can be seen in the influence of encouragement or discouragement from social peers. Motivation to get started in the learning process has particularly strong social components: positive or negative first interaction with new teachers and learning peers can determine later learning intention, either guiding new learners into the process gently or scaring them off altogether.
Motivation to go to class is supplanted by interest in and engagement with the learning process. Interest and engagement have been linked to academic success. Facer et al. [38] show that engaged, active students are interested in the learning process, while unengaged students are passive and resistant to learning. Garcia and Pintrich [39] list personal interest and 'a sense of achieving personal goals' as a subset of academic performance predictors. Levy [72] additionally suggests that personal interest in the learning environment works as a predictor for learner retention: learners who feel satisfied with their learning environment are less likely to drop out. Both Parker [86] and Schunk [101] suggest that learner locus of control factors into retention as well. Learners who feel as if they lack choice in working on a task are less likely to keep going than learners who feel like they are in control.
Human factors knowledge
In this section, human factors knowledge relevant to the design of societal participation learning support software is presented. First, adult learning theories are investigated, in order to present an overview of the current didactical state of affairs. Adult learning theory is specifically selected because the low-literate target demographic, outlined in Sect. 2.1.2, covers the 16-65 age range. Second, computer- [95] supported learning principles are investigated, in order to clarify in what ways the use of computer technology can help. This information has been collected by way of literature research and is presented in the following sections.
Adult learning theory
To date, there is no single unifying theory of adult education. A range of theories observes adult education from different perspectives and reaches different conclusions and recommendations (e.g. research on learning styles and preferences (cf. [22, 66] )). Three didactical method frameworks seem particularly interesting: andragogy, transformative learning, and constructivism [40, [74] [75] [76] .
Andragogy postulates that adult learners possess several characteristics, developed during adolescence or adulthood, that explain why adults learn in ways significantly different from children [63, 64] . Six learner characteristics have been identified [65] : adults are self-directed learners, driven by real-life problems, internal motivations, and societal roles and demands, who want to know why they should learn anything they are told to learn and possess accumulated life experience to draw on. These characteristics seem to offer clear and simple guidelines for adult education (however, see [21] for a rebuttal). Andragogy is interesting for the notion that not all learners have similar learning styles and preferences. Because of significant differences between low-literate individuals and between learner groups, societal participation learning should never be offered in one singular way. Successful societal participation learning support must be adjustable and adaptable to individual needs and preferences, in order to take into account different learning styles and preferences, skill levels, and difficulty curves.
Transformative learning is a type of learning that involves altering frames of reference. Mezirow [78] describes transformative learning as '…the process by which we transform our taken-for-granted frames of reference' [78: 7] . Illeris [52] contrasts transformative learning with assimilative learning (which keeps frames of reference intact) and accommodative learning (which involves restructuring frames of reference). Rather than dealing with knowledge acquisition, transformative learning is about the learner evaluating and changing their views and assumptions on the world. The transformative learning viewpoint is valuable for highlighting the importance of a careful, sensitive approach. Societal participation learning support needs to recognize the volatility and negative affect associated with societal participation learning, and attempt to employ sensitivity to defuse or prevent it. Examples of sensitivity include: using non-confrontational language and learning examples, respecting users' desire for privacy and anonymity, and demonstrating situational and cultural awareness [7] .
Constructivism sees 'learning' as the active construction of knowledge and meaning. Learners engage in this construction process through interaction with other learners, and with their own environment, experiences, and ideas [9, 56] . In recent decades, the focus has partially shifted to the collaborative and social dimensions of learning. This particular view on constructivism is called social constructivism [62] . One social constructivist notion is that of authentic or situated learning, also known as situated cognition. The main concepts of situated cognition are that all learning takes place in a certain context and that the context in which knowledge is presented is as much a part of the learning as the knowledge itself. This context includes the physical location learning takes place in, the tools used and their method of use, and the social interaction with other people. Hansman [46] claims that 'The core idea in situated cognition is that learning is inherently social in nature' [46: 45] . Brown et al. [15] and Lave and Wenger [71] have emphasized the role of social interaction in learning, and investigated the potential benefits of situated cognition and situated learning. Studies have suggested that affective dimensions and emotions form an important situated element in the context of learning as well [32, 47, 76] . As societal participation behaviour is intrinsically situated, it follows that societal participation learning should also be. Because the goal of societal participation learning is to teach real, applicable knowledge, learning should be situated in an environment as close to the learners' real-life environment as possible. Societal participation learning support must be able to situate the learning process in the context of events, locations, behaviours, and actors that learners are likely to encounter in their day-to-day lives.
Another notion of social constructivism is its focus on social, collaborative learning. In the context of low-literate societal participation learning, both teacher-directed learning and peer-interaction learning have their place. Consequently, societal participation learning support should provide various methods of social interaction and collaboration in learning, in either fully digital or blended forms, and encourage the application of these possibilities in the learning process. Many existing e-learning theories and applications posit this social constructivist view of learning, where personal meaning-making and the social influences of peers and teachers shape the learning process and outcomes [41, 57, 58] . Initially referring to computerand ICT-supported distance learning and computer conferencing, e-learning now encompasses a style of learning that focuses on learner collaboration, technology-supported communication methods, and the formation of digital communities of inquiry [40] . One of the e-learning's typical features is the elimination of the classroom as the necessary physical hub for learning. Modern
communication technology has all but eliminated distance as a critical factor, allowing learners and teachers in various locations to engage in joint learning processes. The utility and added value of face-to-face contact are still acknowledged; however [40] , so-called blended approaches which mix elements of classroom learning and e-learning [42] are becoming increasingly prevalent. Steehouder and Tijssen [103] and Driessen et al. [34] report on the effectiveness of using blended learning with lowliterate learners.
In conclusion, four concepts have been identified as being important for the design of societal participation learning support: adaptability to learning styles and preferences, sensitivity, situatedness, and collaboration.
Computer-supported learning principles
ICT has always held promise in the field of education. However, its effectiveness seems highly contingent on proper introduction and use. According to Cuban [25] , forcing ICT measures on unwilling teachers leads them to use the computer like a 'replacement typewriter'. Sansone et al. [94] report that unsupported at-home students display both lower motivation and poorer results than on-campus students. This section lists a number of ICT-related learning principles, derived and adapted from Richards' [92] topology of meaningful ICT learning activities. These principles are: the provision and dissemination of information, the possibility and facilitation of worldwide communication, the element of interactivity, and gaming principles.
Provision of information refers to the fact that ICT learning offers a wide range of media and information types. Video, audio, and written text can all be offered in conjunction. These possibilities make it easier to adapt elements of a learning application to individual learners' preferences. Low-literate learners, for example, could benefit from an implementation focusing on audio and video, from supporting material offered in multiple languages and at different language levels, and from languageand culture-specific elements such as avatar ethnicity and dress style. Societal participation learning support should adapt to the needs and wishes of the learners as much as possible; modal adaptability to individual user preferences is an important example of this. Used correctly, multimodality can remove significant barriers to entry and learning progress.
Worldwide communication is one of the cornerstones of ICT, allowing teachers and students to stay in contact beyond normal classroom hours. This opens up venues for directed, personalized support. This is vital in ICT learning: Nielson [83] reports high rates of failure in at-home language learning without proper support. Furthermore, it can be argued that the near-total dissemination of ICT use in information societies [108] has turned 'the proper usage of ICT communication tools' into an important societal participation skill in its own right. Given that low-literate citizens often possess reduced ICT skill levels, ICT-based societal participation learning support could serve a dual purpose in acquainting learners with ICT practices and behavioural norms. The findings by Nielson [83] and Driessen et al. [34] show that proper learning support is vital in societal participation learning. The use of ICT in this support seems a natural fit, as instantaneous, ubiquitous, and easily adaptable communication is one of its hallmarks. As Schouten [96] argues that poor learning experiences and dissatisfaction with the learning process form major participation hurdles for low-literate learners, societal participation learning support should make use of this ICT-related learning support to improve the learning experience wherever possible.
Interactivity links ICT learning to experiential learning [66, 67] . Barak [7] divides learning into four aspectscontextual, active, social, and reflective-and reports that the use of ICT enhances the contextual and active parts of learning. This implies that the interactivity of ICT learning applications is tied to both experiential learning and situated cognition, as adapting to different learning styles and preferences and to different contexts is easier in ICT than in more traditional teaching methods. For optimal learning results, societal participation learning support should actively involve users in the learning process. Good use of interactivity could be beneficial for low-literate societal participation learners.
Digital gaming is increasingly seen as a form of experiential learning [61, 91, 105] . Doshi [33] claims that using gaming to teach skills allows students to fit otherwise abstract concepts into their daily lives. Ke [59] suggests that educational games offer four potential benefits to learning: games are a conduit to experiential learning, games create and enhance engagement in students, they promote cooperation, and they could help students in digesting complex subject matter. Evidence supports some of these claims. Studies show that games can induce engagement and immersion [36] , and flow and fiero [23] . Both Dickey [31] and Warren et al. [103] report that games can increase intrinsic motivation in players. Rieber [93] claims that students view gaming as 'play', but regular learning as 'work'. Gaming has also been shown to promote cooperation among school children [38] . Finally, Kriz [68] posits that '…gaming simulation represents a form of cooperative learning through teamwork.' [68: 506] . Gaming principles and gamification can be used to enhance the effectiveness and the affective and social experience of learning. Astell et al. [3] show that video games can be used with older adults with cognitive impairments, both to help them learn and to engage and entertain them. Similar expectations can be held about the use of gaming elements with low-literate learners. Games, and other forms of 'playful' learning, could also go a long way towards improving negative attitudes with regard to societal participation and learning (cf. [96] ).
In conclusion, four concepts have been identified as being important for the design of societal participation learning support: multimodality, learning support, interactivity, and gaming principles.
Specification: requirements
In this section, the theory presented by the human factors knowledge and the context of use sketched by the operational demands are brought together to specify the requirements for the proposed VESSEL system. Claims that underlie these requirements are derived as well. These claims make explicit in what ways each requirement is expected to influence the cognitive, affective, and social processes related to learning. The requirements represent what learning support software should do, and the claims represent why this should be done (thus providing the design rationale). This makes up the specification stage of the sCE method [82] (see Fig. 1 ) and forms the specification for VESSEL. Requirements are summarized in the list below. A schematic overview is also shown in Table 3. R1 Adaptability a societal participation learning support program should offer and support different learning styles and preferences and different difficulty levels.
• Cognitive Claim catering to different learning styles and preferences will allow individual lowliterate users to select those styles and difficulty levels that work best for them. This will match learning content and process to user experiences and aptitudes, and improve learning effectiveness over a one-approach-fits-all system. • Affective Claim allowing individual users to indicate their own learning styles, preferences, and difficulty levels provides the user with a modicum of power and influence over their own learning experience. This will result in a more positive user experience.
R2 Sensitivity a societal participation learning support program should use non-confrontational language and content, demonstrate cultural awareness, and take existing emotional issues with regard to literacy and societal participation into account.
• Affective Claim demonstrating awareness of individual problems and difficulties, and showing a willingness to take these elements into account in the learning process will give users a sense of being respected and of being listened to. This will result in a more positive user experience.
• Social Claim learners who experience that their individual problems and difficulties are being respected by teachers, peers, and learning materials will be more likely to continue learning. This will improve learner retention.
R3 Situatedness a societal participation learning support program should use learning materials and contexts that are closely related to the learner's physical environment and real-life experiences.
• Cognitive Claim situating learning and support in the context of real-life situations will help in transferring useful, applicable skills and experiences. This match between user experiences and presented learning experiences will improve transfer of learning.
• Affective Claim particularly for those low-literate learners with low learning self-efficacy, placing the learning content in a well-known personal context will reduce barriers of fear and uncertainty.
• Social Claim the use of recognizable environments, actors, and skills makes learning more engaging and immersive for learners. This will improve learner retention.
R4 Collaboration a societal participation learning support program should have systems in place that enable, support, and foster social interaction and collaboration in learning.
• Cognitive Claim learning about societal participation in a social and collaborative setting will create scenarios and produce knowledge and experience that are more closely applicable to real-life participation. This will enhance learning applicability and transfer of learning.
• Social Claim the presence of peers and teacher support mixed with the privacy and safety of technology-supported learning will reduce the barriers low-literate learners experience in starting with and persisting in learning endeavours. This will improve motivation to start learning and learner retention.
R5 Multimodality a societal participation learning support program should employ multimodality, offering content in multiple concurrent ways.
• Cognitive Claim given that reading is a particular difficulty for low-literates, using presentation modalities other than text is preferred. However, differences between low-literates make any monolithic approach untenable. Engaging multiple modalities ensures that all low-literate learners have some preferred way of accessing learning. This will improve learning effectiveness over a system that does not use multimodality.
• Affective Claim self-conscious low-literate learners are often worried that reading skill will be required to participate in learning. Knowing that materials are offered in some other format than written text alleviates this fear, removing a significant barrier of stress and anticipation for these learners.
R6 Support a societal participation learning support program should possess built-in support options.
• Cognitive Claim good support options will aid users in understanding the learning material better. This will improve learning comprehension and effectiveness.
• Affective Claim low-literate learners value the idea of being supported. A desire for individualized, personal contact with supporting experts and peers has been reported by multiple studies with various demographics (cf. [26] on video support for caregivers). Providing proper support will set users at ease while using the learning software. This will increase their self-efficacy, both with regard to societal participation and with regard to learning itself.
• Social Claim a learner who receives support when they want it or need it will feel supported. This will lead to higher learner retention: learners are more motivated to continue when they know that help is available.
R7 Interactivity a societal participation learning support program should employ real interactivity in offering content.
• Cognitive Claim interactivity in learning behaviour is almost ubiquitous at this point in time, and the educational benefits of learning-by-doing and scenario-based learning are well documented, particularly with regard to learning transfer (cf. [59, 60, 89] ).
• Social Claim negative attitudes towards the learning process can often be traced back to poor prior classroom experiences. Interactive learning will help alleviate these negative attitudes, by engaging low-literate learners more in the learning process.
R8 Gaming Principles a societal participation learning support program should use elements and principles of interactive gaming.
• Affective Claim using gaming principles will mitigate the negative affective view low-literate learners tend to have about learning in general (cf. [96] ). This will result in a more positive learning experience.
• Social Claim gamification is often essentially an attempt to make learning more 'fun'. Doing this will improve engagement with and immersion in learning, and foster motivation to persist.
Technology
In this section, an overview of technology relevant to the design of societal participation learning support is presented. First, the current state of technology regarding Dutch societal participation learning support programs is investigated. Examples of learning support software are collected and described. Second, these software examples are assessed on the basis of the VESSEL requirements drafted in Sect. 4. This assessment intends to highlight which requirements are commonly met in current practice and which ones are not. Third, the enabling role of VLE technology is described. An overview is presented of how the core VLE attributes 'environments', 'actors', and 'objects' enable and support the effective implementation of many of the VESSEL requirements.
Current technology
In this section, an overview is shown of currently existing learning support software programs that aim to improve the societal participation of low-literate learners. This overview was created by searching for software that adheres to three characteristics. First, the software must be intended to offer learning to students about the topic at hand. Second, the software must be intended for use by low-literate learners. Third, the subject matter of the software must be societal participation learning. This means that it must focus on language acquisition, societal participation skills, and/or knowledge of Dutch society. Six software packages met these characteristics. These packages were all integration training courses, aimed primarily at low-literate second language learners. One package also included material for native low-literate language learners. No packages that focused only on native low-literate language learners were found. None were stand-alone products. Rather, each software example was part of a larger integration learning programme. The software was designed to be used in concert with other materials: books, worksheets, classes, and practical exercises.
The following packages were found: EHBN, EVT.nl, Naar Nederland, Thuis in Nederlands, IJsbreker Plus, and NL247. Summaries of these software packages, including description, publisher, production year, and learning focus, have been included in appendix for purposes of study reproducibility.
Assessment of current practice
This section provides an assessment of the described learning software 'in isolation'. It should be noted that the software applications are part of larger, multifaceted educational programmes that are not evaluated. The interest here is in the functionality of the software only: the intent is to create an overview of which of the theory-based requirements and claims are met in current software design practice, and which ones are not. The former will provide insight into practical, effective ways of operationalizing these requirements. The latter will highlight interesting areas for future study and development. Table 2 shows that the various requirements are reflected in software design at different levels of frequency. While the demands for sensitivity, interactivity, and multimodality are fulfilled quite often, examples of adaptability, collaboration, gamification, and support are rare.
The sensitivity (R2) requirement can be found in all evaluated examples. The implementation of sensitivity can be seen in careful word choices, and in appreciation for cultural differences. Even brief study provides many examples to emulate in future design.
As mentioned in Sect. 3, interactivity (R7) and multimodality (R5) are cornerstones of ICT technology and design. The combined cognitive benefits of ease-of-access and improved learning transfer greatly enhance learning effectiveness. And the affective benefits of lowering barriers of stress and anticipation, offered by multimodality, are almost necessary while designing for low-literate learners. Again, all software packages that were studied make good use of these possibilities: audio and video supplement text, and exercises and lessons are often interactive. Examples can be seen in IJsbreker Plus' audiosupported multiple-choice questions, in ETV.nl presenting questions both in written text and in spoken forms, and in NL247 using interactive exercises that involve situated visual aids, such as realistic-looking agendas and letters.
The situatedness requirement (R3) represents a special case. All software packages studied use a certain degree of situated content: exercises and examples are embedded in the larger goal of attempting to integrate in the Netherlands. Narrative scenarios are supported with avatar personas, designed to embody and represent the user demographics. This level of situated content represents a 'partial' form of situatedness. The material used is closer to the daily-life experiences of the users than entirely nonsituated material and thus provides the described cognitive, affective, and social learning benefits to some degree. However, it is not fully personalized and contextualized to the individual users. Educational material and content that uses real, immediately recognizable elements from the user's day-to-day life would represent a higher level of situatedness. Future studies should investigate whether or not this level of individual situatedness is practical to achieve, and if the benefits derived from doing so outweigh the additional required effort.
While learning support (R6) is seen as important and necessary in literature, practical software implementations are uncommon. As most of the software packages have not been designed as stand-alone learning methods, the learning support is assumed to come from teachers and peers, not from the program itself. While these kinds of learning support are still beneficial, digital learning support has potential benefits of its own. Only the IJsbreker Plus and Naar Nederland software packages explicitly offer audio support and speech recognition in different languages. NL247 possesses both a technical support help desk and an easily accessible dictionary, though it limits its contentlevel automated support to a text message functionality between learners and teachers. Uniquely, Thuis in Nederlands offers 'e-coaching' as a method of digital directcontact support. Given the beneficial claims associated with digital learning support, the relative rarity of softwarebased support should be investigated in more depth. Learning style and preference adaptability (R1) has proved to be a difficult concept to find and operationalize in practice. IJsbreker Plus, Naar Nederland, Thuis in Nederlands, and NL247 offer adaptability personalization in the form of a range of different exercise types. The fact that other software packages mostly stick to multiple-choice questions suggest that any adaptability in these methods is found in other material. Future study could investigate if software-based adaptability has significant benefits over this existing method-and material-based adaptability, particularly where low-literate learners are concerned.
Implementations of social interaction and collaboration (R4) functionality are rare. Only Thuis in Nederlands offers e-learning functionalities and online group-based exercises. Again, many software packages primarily offer self-study exercises to supplement existing classroom work. The lack of social cooperation options built into the software packages limits their effectiveness as standalone solutions. However, more study is needed to determine whether or not mediated collaboration efforts would work well with low-literate learners to begin with.
Finally, gaming principles (R8) are equally rare, only showing up once: Thuis in Nederlands uses virtual board games and a virtual reality environment to enhance its learning experiences and engage learners. These findings represent a major departure from literature assumptions, which warrant future study. Schouten, Pfab, Cremers, van Dijk, and Neerincx [98] have already demonstrated that literature expectations regarding gaming principles and gamification might not translate to a low-literate user group.
Enabling technology
This section describes how VLE technology can serve as an 'enabling technology' for VESSEL. As described in Sect. 1, VLEs can contain computer-generated environments and spaces, present digital actors and characters, and possess digital objects and artefacts [11, 50] . These attributes each provide potential benefits to fulfilling the functional requirements described in Sect. 4. Not all current VLEs use all possibilities in equal measure. For example, the Thuis In Nederlands Virtual Neighbourhood uses a virtual space and virtual characters, but does not use interactive objects. Moreover, some virtual coaching programs (cf. [10, 113] ) focus solely on convincing virtual characters. For each of these three attributes, a description is given of which requirements are more easily implemented by using this technology, and why this is the case. Table 3 , at the end of the section, also shows a schematic overview of this.
Environments constitute the digital 'spaces' of a VLE. These environments can be abstract or realistic depictions of existing spaces. A well-designed virtual environment is almost a prerequisite for the success of VLE-based learning [12] . The following six requirements are enabled by this functionality:
• R1. Adaptability VLE environments can provide different spaces for different kinds and levels of exercises. According to Barak [7] , this adaptability is much easier to realize in ICT environments than in classrooms: digital spaces can be altered much more easily than real ones.
• R3. Situatedness Maybe the most intuitive benefit of VLE technology is the potential to deliver a level of spatial situatedness no other software is capable of reaching. Realistic task environments beneficially influence feelings of physical and social presence, situatedness, and learning transfer [50] . Strongly situated virtual environments could be especially useful for participation skills training, the application of which is lacking in current software (see appendix). In the Netherlands in particular, this would address a significant gap in the current participation learning curriculum [43, 70, 107] .
• R4. Collaboration Virtual environments can provide a shared space for learners to collaborate in that is time and location independent. The Thuis in Nederlands software package is an example of this. While Johnson et al. [55] warn against the socially isolating nature of digital learning, the high social presence associated with shared virtual environments can actually facilitate the formation of peer connections.
• R5. Multimodality Virtual environments are almost inherently multimodal [79] , combining visual information with text and audio.
• R7. Interactivity VLE-based learning set in realistic virtual spaces benefits from intuitive interaction possibilities [79] . Virtual spaces designed to afford realistic interaction are easy to parse even for learners with relatively little computer experience.
• R8. Gaming principles The natural interaction style and increased social interaction offered by virtual spaces [50] all enable the immersion, engagement, motivation, and attitude benefits claimed from the use of gamification in learning [23, 27, 80] .
Actors constitute the digital 'characters' of a VLE. Actors can either be avatars, serving as digital stand-ins for users, or agents, which are autonomous software programs. The following seven requirements are enabled by this functionality:
• R1. Adaptability agents can adapt their looks and behaviour to better match user wishes and needs. Again, this is easier in a VLE than it is in a real classroom [7, 88] .
• R3. Situatedness actors of any kind, either user avatars or embodied conversational agents, can add situatedness to exercises [18] . These actors can act as conversation partners, or serve as 'social background dressing', adding a layer of affective stress to social situations.
• R4. Collaboration virtual avatars can allow learners to 'see' and interact with each other remotely. Studies show that the increased social presence that results from learning with other humans, even digitally represented ones [79] is beneficial to learning effectiveness [2] . • R5. Multimodality virtual characters naturally present spoken dialogue.
• R6. Support VLE actors can serve as representations of teachers and peers, allowing users to ask for help in a natural way [8] . VLE actors can also serve as autonomous digital characters, offering structured, individualized, computer-guided support. The benefits of this learning support on success and persistence [55, 83] , motivation and contentment [20] , and selfefficacy [6] are well documented.
• R7. Interactivity virtual characters enable a range of scenario-specific affordances for interactivity in learning.
• R8. Gaming principles Cornelissen et al. [23] identify avatar personification and social comparison, two elements commonly associated with virtual characters, as instruments usable for tapping into flow and fiero in a gaming setting.
Objects constitute the digital 'things' of a VLE. The following five requirements are enabled by this functionality:
• R1. Adaptability the presence or absence of VLE objects can change the nature and difficulty of an exercise. An exercise can be made more complicated by the inclusion of hard-to-understand objects, or made simpler by the inclusion of objects that are easy to parse and use.
• R3. Situatedness in any given exercise environment, providing appropriate and realistic tools and other objects can improve situatedness. In exercises where 'learning to handle the object' is the goal (e.g. learning online banking), realistic objects are almost a necessity for success.
• R5. Multimodality VLE objects can present information in many ways, depending on the nature of the object: examples include digital books and newspapers for written information, or digital billboards or televisions for visual information.
• R7. Interactivity realistic digital objects strongly afford interactivity. ICT objects in particular can be recreated feature-perfectly in a VLE. This allows for incredibly applied practical learning.
• R8. Gaming principles VLE objects such as trophies and badges can add a layer of tangibility to gamification-related rewards.
Conclusion
This study has used the situated cognitive engineering method to create a design specification for VESSEL, a virtual environment to support the societal participation education of low-literate people. Analyses of the operational demands and human factors provided the foundation of the design, i.e. demographic information, societal participation models, learning processes, theories of adult learning, and computer-supported learning principles. From this foundation, a baseline of eight functional requirements and eighteen associated claims of cognitive, affective, and social learning benefit was derived. The current technology was then assessed using these requirements, in order to highlight discrepancies between literature-backed theory and the best practices of existing societal participation learning support programs. Finally, the advantages offered by VLE technology were described in terms of environments, actors, and objects. In line with the four main research questions, this paper presents four major results. With regard to research question one 'Which attributes of the actor demographics, societal participation behaviours, learning processes, adult learning theories, and computer-supported learning principles, are relevant for the design of VESSEL?', an overview was created of the problem area of insufficient societal participation for people of low literacy. Demographic information, practice-backed learner profiles, models of societal participation behaviour, and a description of the cognitive, affective, and social processes underlying learning were used to show the operational demands associated with designing in this field.
To answer research question two 'How can these attributes be used to adapt learning support to the skills and characteristics of individual users? Which functional requirements and claims can be derived?', the operational demands overview and a human factors framework of adult learning theory and computer-supported learning principles were translated into a list of functional requirements for societal participation learning support software. These requirements, justified with theory-backed claims of cognitive, affective, and social benefits to learning, form the specification for the VESSEL system. Table 3 shows this specification.
With regard to research question three 'Which of these functional requirements are met by current learning support programs? Which ones are not? What lessons can be learned from this?', six learning support software packages, taken from Dutch integration learning programs, were assessed on the basis of these requirements. Requirements R2 (Sensitivity), R3 (Situatedness), R5 (Multimodality), and R7 (Interactivity) were found in all software packages; examples were presented of best-practice ways of implementation for these requirements. Requirements R1 (Adaptability), R4 (Collaboration), R6 (Support), and R8 (Gaming Principles) were found sparingly. This finding represents a discrepancy between theory and practice; this was highlighted in terms of the claims associated with these requirements.
Finally, to answer research question four 'How can these requirements and lessons be used in the design of VES-SEL? And how can the use of virtual environment technology help with this?', an overview was created of the requirement implementation benefits of VLE technology. Table 3 shows that the use of VLE technology has significant benefits over a non-VLE system: VLE environments, actors, and objects enable many requirements to be implemented effectively. It can be concluded that VLE technology is a good technological basis for the proposed VESSEL system.
Finally, this paper offers several clear directions for future study. Results from the requirements assessment show that requirements R1 (Adaptability), R4 (Collaboration), R6 (Support), and R8 (Gaming Principles) represent areas of particular interest. While theory and literature show potential benefits in the application of these principles for VESSEL, software in current practice tells a different story. Current societal participation learning support programs do meet the requirements R2 (Sensitivity), R3 (Situatedness), R5 (Multimodality), and R7 (Interactivity) well, and offer practical examples of how to implement these in the design of VES-SEL. Follow-up studies in this field should focus on verifying the practical effectiveness of the proposed VESSEL specification: the translation of existing requirement implementations into a virtual environment solution should be prototyped and tested, and the theory-practice discrepancy regarding learning support, collaboration, adaptability, and gamification should be investigated.
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Appendix: software overview
Presented below is detailed information on the software packages used for assessment in Sect. 5.2. The following data are included for each entry: name, functional description, year of production, and year of cancellation (if applicable). Each entry also indicates to which of the three societal participation learning aspects in the method is 
IJsbreker Plus
IJsbreker Plus ('Icebreaker Plus') is a language learning software package for second language learners looking for integration aid. The package combines independent online work with book exercises and classroom teaching. According to the website, the program offers a 'strong mix of learning types'. Audio-supported multiple-choice questions are used, and different language audio support is built in.
Publisher: ThiemeMeulenhoff Year of production: 2010 Year of cancellation: [still in use] Learning areas: Language, Knowledge of Dutch society NL247 NL247 ('NL Twenty-four seven') was developed by the same publisher as Thuis in Nederlands, and serves as a de facto sequel. NL247 supports low-literate second language learners in a wide variety of topics derived from the latest official Dutch integration exam. Different sets of exercises focus on reading, writing, comprehension, and vocabulary; learners are encouraged to focus on those skills areas they need most. NL247's software component is complemented by classroom lessons, written materials, and practical assignments.
Publisher: ITpreneurs Year of production: 
